INTRODUCTION
Internationally, the ecosystem approach (EA) has emerged as the dominant paradigm for managing marine ecosystems (Borja et al. 2008 , Olsen et al. 2009 , Espinosa-Romero et al. 2011 ). The ecosystem approach-"a resource planning and management approach that integrates the connections between land, air and water and all living things, including people, their activities and institutions" (Farmer et al. 2012 )-aims to protect the health, productivity, and resilience of these ecosystems as well as the ecosystem goods and services valued by human beings (McLeod et al. 2005 , Rice et al. 2005 , Borja et al. 2008 , McLeod and Leslie 2009 , Mengerink et al. 2009 ). In Europe, the recently introduced Marine Strategy Framework Directive (MSFD) (European Commission 2008) seeks to implement the ecosystem approach into marine management. Its purpose is to protect marine ecosystems while at the same time recognize society's need to benefit from marine resources in a sustainable manner (Elliott 20101, Farmer et al. 2012 , Ounanian et al. 2012 . The Marine Strategy Framework Directive represents a major challenge for countries because it requires transposition of policy from the international level to the national and local levels (Mee et al. 2008) . Member States implementing the Marine Strategy Framework Directive are subjected to different levels of institutional ambiguity and are required to cooperate and coordinate at the regional level in an effective system of multilevel governance (van Leeuwen et al. 2012) . Appropriate tools, governance systems, and networks, are required in order to guide implementation of the ecosystem approach, whether in Europe through the Marine Strategy Framework Directive or internationally through other policies.
The ecosystem approach has many names, it is widely considered synonymous with the ecosystem-based approach (EBA) or ecosystem-based management (EBM). A variety of guidelines and compendia offering a broad range of new governance mechanisms and tools have been developed to facilitate implementation of the ecosystem approach (Shepherd 2008 , Mengerink et al. 2009 , Roxburgh 2012 . One emerging tool is marine (or maritime) spatial planning (MSP) (Douvere 2008 , Katsanevakis et al. 2011 ) and the related ecosystem-based marine spatial management (EB-MSM). However, the growing number of guidance documents and the preponderance of jargon (EA, EBA, EBM, marine/maritime SP, EB-MSM) describing similar or interrelated concepts can be confusing and can make the ecosystem approach seem nebulous, rendering it difficult to put into practice. In addition, current governance systems and policy outcomes are fragmented and complex, lack transparency and are often reactive rather than proactive (Cormier et al. 2010 , Bainbridge et al. 2011 . As a consequence, management of individual sectors within the marine environment remains the norm and, though widely discussed in academic circles, the ecosystem approach is rarely applied in practice (Katsanevakis et al. 2011 ).
There are many examples of this gap between theory and practice (Arkema et al. 2006 , Ruckelhaus et al. 2008 , Tallis et al. 2010 , Curtin and Prellezo 2010 , Espinosa-Romero et al. 2011 , Katsanevakis et al. 2011 ) which may be compounded by different interpretations of the ecosystem approach in different countries (Arkema et al. 2006 , Aswani et al. 2012 . Several major obstacles have been identified, including the lack of common visions and http://www.ecologyandsociety.org/vol19/iss4/art51/ objectives, the lack of proper governance frameworks, the need to establish a systems perspective, and the confusing array of terminology. In order to implement the ecosystem approach, the theory of ecosystem science must be reconciled with the practice of ecosystem management (deReynier et al. 2010) .
Management is about making decisions to reach a desired state. Management of environmental public goods, including ecosystem goods and services, therefore, is about making the best decisions for societies, preserving the functional integrity of natural systems, and maintaining the provision of their goods and services. In Europe, according to the Marine Strategy Framework Directive (European Commission 2008) , management of the marine environment should be based on a "process" intended to reach and/or maintain Good Environmental Status (GEnS) by applying ecosystem approach principles (Borja et al. 2010 (Borja et al. , 2013 . Given that public goods, are different in nature from private goods and that an ecosystem approach requires public participation in the management of public goods, it follows that a new set of management practices is needed to implement this new approach.
Our aim is to define a standardized process for applying ecosystem approach principles by ensuring the inclusion of essential components such as participation, planning, and decision making, and by promoting accountability and quality assurance to achieve management objectives that follow sustainable development principles and are based on ecosystem services (Government of the Netherlands and Government of Malawi 1998, Balvanera et al. 2001, Cognetti and Maltagliati 2010) . Standards, guidelines, and quality-assurance systems are widely used in industry and many fields of management to ensure quality and accountability. We present a structured process (or standard operating procedure) called the ecosystem-based management system (EBMS) to implement the ecosystem approach. The ecosystem-based management system is a quality-assurance, adaptive-management tool that introduces the ecosystem approach into practice by normalizing a common set of tools and introducing a common language that are particularly useful for practice and capacity building. The ecosystem-based management system combines classical environmental and riskmanagement system theory (Measham and Lockie 2012) with the principles of an ecosystem approach (Government of the Netherlands and Government of Malawi 1998 , Farmer et al. 2012 in order to develop a formal systematic structure for adaptive management of marine public goods. The ecosystembased management system could be applied anywhere but in the European context it has clear potential for harmonization of the Marine Strategy Framework Directive. Here we use the example of the Marine Strategy Framework Directive as a context for the application of the ecosystem-based management system, we illustrate how elements of the ecosystem-based management system could be operationalized using examples based on Canadian experiences with Canada's Ocean Act implementation, a model that is exportable to other places (Jessen 2011 ).
The paper is structured as follows: in the next section we describe the components of the ecosystem-based management system, including tools and practices that are recommended to be implemented in different parts of the system. In the subsequent sections we discuss individual components of the ecosystembased management system that are already found in the Canadian experience and insights into how the ecosystem-based management system could facilitate the implementation of the marine strategies in Europe. Finally, we discuss the advantages of the ecosystem-based management system over existing models and present some concluding remarks.
ECOSYSTEM-BASED MANAGEMENT SYSTEM

Overview
The ecosystem-based management system has a three-pillar structure (Fig. 1) . The managerial pillar is the basis of the system and follows a formal classical environmental management system (EMS) which incorporates a risk-management system (RMS). The information and the participatory pillars provide the ecological and social inputs in terms of scientific data and the social preferences required to support and operate the ecosystembased management system and achieve social/ecological targets under an ecosystem approach. For clarity the ecosystem-based management system employs the driver-pressure-state-welfareresponse (DPSWR) social-ecological accounting framework for organizing the information on aspects of social and ecological systems relevant to representing the interactions between them (Cooper 2013) .
Under the Marine Strategy Framework Directive, the final objective is to reach and/or to maintain GEnS; this also represents the goal or vision for which the ecosystem-based management system is used to achieve. In order to develop the roadmap to reach this vision, an Initial Assessment describing the baseline conditions for the specific social-ecological system should be carried out. The Initial Assessment should contain all available relevant information needed to understand the functioning of the area under management, including an analysis of human activities (drivers) that lead to exogenic and endogenic pressures (Elliott 2011) and their effects on the current environmental state of the ecosystem. The results of the Initial Assessment represent the point of departure for the social-ecological system under management. The final desired vision for the managed area (GEnS in the case of the Marine Strategy Framework Directive) represents the targeted "state" of the social-ecological system under management. By reaching and/or maintaining such a vision, an acceptable set of pressures can be allocated under certain ecological, technical, behavioral, administrative, and managerial constraints.
The actions carried out as part of the ecosystem-based management system represent a "response" which is dependent on the presence of an effective governance structure which can uphold the modern principles of environmental management (Olsen et al. 2009 ). This requires a committed leadership (a constituent organ or physical person) with a public mandate, as well as the active participation of stakeholders.
Managerial pillar
The Managerial pillar is the "engine" of the ecosystem-based management system. It maps a framework to set up an effective management system for reaching and maintaining particular targets and is based on a formal environmental management system (EMS). The managerial pillar operates on the policy cycle assessment developed inter alia by the Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP 1996) and follows the classical plan-do-check-act managerial policy scheme (Deming 1986) . It is an iterative, continuous, quality-improvement model consisting of a logical sequence of four repetitive steps, which can adapt to changes in the system under management. In the ecosystem-based management system, the iterative steps of the system follow the International Organization for Standardization's frameworks for environmental and risk management, i.e., ISO 14001 (ISO 2004) and ISO 31000 (ISO 2009a; 2009b; 2009c) . The inclusion of a risk-management standard follows modern management best practices for environmental decision making (MacDiarmid 1997 , Cormier et al. 2013 while the use of an environmental management system is a well-established tool for achieving environmental targets. The structure of the managerial pillar and its relation to environmental management system/riskmanagement system frameworks is shown in Fig. 2 . The managerial pillar of the ecosystem-based management system is the piece of management that guides the user toward the desired vision over time through the completion of adaptive management cycles.
In the following sections we provide details about the specific content of the elements shown in Fig. 2 . A more detailed explanation of the ecosystem-based management system managerial pillar and its clauses can be seen at KnowSeas' web portal (http://www.msfd.eu).
General structure and vision
The ecosystem-based management system is a vision-driven process. The vision establishes the goals and time scales for environmental performance against which the effectiveness of the management system will be judged. The goals should be quantitative, clear, and verifiable, and should be linked to outcomes. These can be adapted if necessary as more scientific knowledge is obtained. A competent authority should be designated, by mandate, to set up and run the system in terms of legislative and policy accountability. The designated authority should form part of an effective governance system. Prior to implementing the ecosystem-based management system, the competent authority, governance members, and stakeholders should fully understand the ecosystem-based management system and agree how it is to be implemented in decision making.
Planning phase (plan)
Following determination of the "status quo" (in the Initial Assessment) and the "targeted state" through establishing a vision (GEnS in the Marine Strategy Framework Directive) and having put in place a general structure to progress towards this vision, the ecosystem-based management system enters the planning phase. The aim of the planning phase is the selection of a series of prioritized actions for progress toward the desired vision. The planning phase is structured in four formal clauses following a risk-management system framework (the risk-Assessment phase of the new ISO 31000:2009 (ISO 2009c)):
A.3.1. National and International requirements. The competent authority shall establish and maintain a procedure to identify all National and International requirements under which the area/region under management has obligations.
A.3.2. Social-Ecological key aspects. The competent authority shall establish and maintain a procedure to identify aspects (human activities, events or hazards) that may have an influence on achieving the vision for the site under management.
A.3.3. Risk-Management Plan. The competent authority shall establish and maintain the documented Plan, with its objectives and targets. The Plan is the latest document based on the riskassessment approach. A.3.4. Risk-Management Programs. The competent authority shall establish and maintain a series of risk-management programmes and procedures intended for each management period upon which audits and reviews would be carried out.
Key risks to different components of ecosystem state are evaluated following the risk identification-risk analysis-risk evaluation scheme (Cormier et al. 2013) , and a decision-support mechanism is used to prioritize and select operational objectives inside the management plan. For the decision-support mechanism, the ecosystem-based management system proposes to use a special tool called DEMA (for DEcision MAking) at the beginning of the planning phase. Supplementary material about the DEMA tool can be seen at KnowSeas' web portal (http://www. msfd.eu).
Implementation phase (do)
The implementation phase, during which the management plans that are designed and agreed upon in the planning phase are put into practice, is described in six formal clauses:
A.4.1. Structure and responsibilities. Roles, responsibilities and authorities shall be defined, documented and communicated in order to facilitate effective management. A.4.4. Ecosystem-based management system Documentation. The competent authority should maintain the programmes needed to achieve its objectives and targets.
A.4.5. Ecosystem-based management system Operational Control. The competent authority shall identify those operations and activities associated with the identified socialecological key aspects in line with its policy, objectives and targets.
A.4.6. Vulnerable assessment and response. The competent authority shall establish and maintain procedures to identify potential for and respond to accidents and emergencies, as well as for preventing and mitigating the environmental impacts that may be associated with them.
Two elements are particularly important for ensuring the successful application of the implementation and operation stage: the capacity and responsibilities of the personnel in charge, and the operational control of the activities (i.e., monitoring of program effectiveness).
Because stakeholder participation is a prerequisite in ecosystem approach frameworks, inclusion of stakeholders in decision making is important here. The competent authority should ensure inclusivity by making use of appropriate tools such as those described in the participatory pillar below. At this level, the competent authority should:
1. Define roles and responsibilities and provide essential resources for the ecosystem-based management system. Resources shall include human resources and specialized skills, technology, and financial resources.
2.
Ensure that all relevant stakeholders and managers understand the ecosystem-based management system and are aware that a particular site is managed under the ecosystem-based management system.
3. Implement a communication plan to facilitate internal processes as well as consultation with stakeholders.
4.
Establish formal requirements for operational control and documentation of planned activities.
Checking and corrective measure phase (check)
The checking-and-corrective-action stage is based on the development of compliance-monitoring programs, including monitoring of program activities, compliance verification, and audits. The implementation phase is structured in four formal clauses:
A.5.1. Monitoring. The competent authority shall establish and maintain documented procedures to monitor and measure on a regular basis, the key social-ecological aspects that have a significant impact on the environment.
A.5.2. Unplanned events and conflict resolution capacity. The competent authority shall establish an alert system to detect inappropriate functioning in the system and/or unexpected environmental hazards/activities.
A.5.3. Ecosystem-based management system records. The competent authority shall establish and maintain procedures for the identification, maintenance and disposition of socialecological key records used in the system as well as the evaluation of the indicators selected for the desired vision.
A.5.4. Ecosystem-based management system audits. The competent authority shall establish and maintain a program and procedures for periodic system audits to be carried out.
Although the ecosystem-based management system can be considered a quality-assurance tool in itself, the audit clause is an important internal quality-assurance mechanism. At this stage, the management system should be able to assess the level of conformity of the programs in the management plan and the effectiveness of these programs in achieving the vision for the system.
Monitoring programs in the ecosystem-based management system framework should also act as regulatory compliancesurveillance mechanisms as well as be aligned with any other existing marine conservation agreements or commitments such as collaborative management activities and sectorial plans and their associated monitoring efforts (e.g., Nature Conservancy, http://mcatoolkit.org).
An audit process or quality-assurance mechanism needs to be included in each management cycle of the system in order to determine: (a) whether or not the ecosystem-based management system conforms to planned arrangements for the socialecological system management, including the requirements of this standard system, and (b) whether or not the ecosystem-based management system has been properly implemented and maintained. The audit must provide information on the results of audits to management. The audit should determine the level of conformity in attaining objectives as well as the effectiveness of actions in meeting environmental targets.
Reviewing phase (act)
The management review is an essential part of the continual improvement of a management system. To operate within the principles of adaptive management, periodic reviews to develop new plans and new implementation programs are necessary as new developments occur. In this way the ecosystem-based management system can adapt due to the presence of feedback loops. The vision for the system is re-analyzed as part of this review, and the distance from the objective (GEnS in a European context) is assessed at this time based on program performance during the previous cycle. The review is connected with the planning phase of the next cycle. Making use of the riskmanagement tool (in the planning phase above), the revision needs to establish the external and internal contexts in which the next identification and prioritization of programs should be conducted. The suitability, adequacy, and effectiveness of the entire process are also evaluated at this time. The process should ensure that the necessary information is collected to allow management to carry out this evaluation.
While the structure and processes of the managerial pillar described above are relatively simple, they cannot operate in isolation. The information and participation pillars of the ecosystem-based management system provide the essential scientific data, and the participatory inputs for running the system. Both are critical aspects for managing decisions in the system.
Information pillar
The information pillar of the ecosystem-based management system provides the risk-assessment and decision-making components of the managerial pillar with data to inform the decision-making process. Because spatial data are essential to implementation of the ecosystem approach, some form of spatial data infrastructure (SDI) (Cinnirella et al. 2012 ) is required. The relevant properties and processes (and related data) often occur at different spatial scales and may be under different ownership in different jurisdictions: for example, the local scale vs. a riverbasin scale, or the national scale vs. a regional sea scale. The necessity for spatial data in the ecosystem approach and the problems of spatial data are recognized within Europe (European Commission 2007). The spatial data infrastructure required to provide this geodata is beginning to emerge in Europe (e.g., European Marine Observation and Data Network). Once an established and reliable network of this type is in place, availability of data will become less of a constraint on ecosystem approach implementation.
Spatial modelling and mapping of social-ecological data using the driver-pressure-state-welfare-response conceptual frame (Cooper 2013 ) in a particular location can provide the basis for informed decision making (Cinnirella et al. 2012) . Fig. 3 illustrates an example of an spatial data infrastructure structure specifically designed to support Marine Strategy Framework Directive implementation using the ecosystem-based management system. This spatial data infrastructure is compliant with European Union data standards (European Commission 2007) ; uses open source software, GeoServer, and Geonetwork to accommodate data access distribution and discovery in a range of interchangeable data formats; and is described in more detail in Cinnirella et al. (2012) . An application to a particular case study with data from the Gulf of Lions (northwestern Mediterranean) can be accessed online (http://knowseas.socib.es/lion/composer/). This application follows another recommended tool, named GISSeas. The GIS-Seas is an analytical and visualization tool intended to provide real-time information for decision making using data standards commented on above.
(Supplementary material about the GIS-Seas tool can be found using KnowSeas' GIS tool at http://knowseas.socib.es/lion/composer/ or at KnowSeas' web portal at http://www.msfd.eu)
Participatory pillar
The ecosystem approach should be a multisectorial process that includes the participation of stakeholders (Tallis 2010) . Participation requires active involvement of the actors (people influencing and affected by management actions). For the ecosystem approach to be truly effective it must be supported by and include all levels of society, sectors, and stakeholders throughout the implementation of the ecosystem-based management system. However, at present, levels of public understanding about the marine environment (at least in Europe) are very low (Rose et al. 2008 and not all actors have the same degree of organization, education, or capacity to participate.
The participatory pillar of the ecosystem-based management system is included in order to ensure that communication occurs with stakeholders, and to build capacity of the public to participate. The ecosystem-based management system can only be effective if it is understood by all concerned stakeholders. Within Europe, tools are available for the identification of stakeholders (e.g. Sanó 2009 , Bainbridge et al. 2011 , and initiatives to generate informed networks of stakeholders are beginning to emerge both at the institutional level through the International Council for the Exploration of the Seas (ICES) Regional Advisory Councils, which are comprised of members from different marine sectors, as well as through grassroots movements in order to encourage wider public participation (e.g., Roxburgh 2012). Fundamental to the inclusivity of the process is the availability of information about the ecosystem approach. To this end we have developed a web portal for the purpose of enhancing stakeholder capacity. KnowSeas' web portal (http://www.msfd.eu) contains materials, including videos, guidelines, and policy briefs (as well as a section explain the ecosystem-based management system). This portal is designed to explain the ecosystem approach and its relevance to the general http://www.ecologyandsociety.org/vol19/iss4/art51/ public, policy makers, and managers at European Union, national, and local levels, and to explain the legal obligations for European member states under the Marine Strategy Framework Directive.
POTENTIAL APPLICATIONS
While the structured process of an ecosystem-based management system has not been formally put into practice, many of the elements that contribute to the structure are emerging as regulators are gaining practical experience with the ecosystem approach. The formalized structure presented above may provide the basis for a more widely applied standard approach. Below, we describe how elements of the ecosystem-based management system can be found in some tools used in the management of Canadian waters and how the ecosystem-based management system application could facilitate the management of European waters.
Canada
In Canada, marine planning is conducted under the authorities of the Oceans Act (1996) which provides a mandate for an integrated approach to the management of human activities. Accountability for marine human activities lies within the jurisdiction of federal and provincial authorities that regulate the sectors operating within the marine management area. Oceans management integrates multijurisdictional requirements in the planning process, incorporating ecosystem and socioeconomic considerations within the frame of an ecosystem-based management approach (Fisheries and Oceans Canada 2002).
Several elements of the ecosystem-based management system proposed here could also be seen in relation to the experience of the Canadian authorities (Table 1 ). The elements of the managerial pillar are addressed by the governance structure that is implemented for each large ocean management area. The elements of the participatory pillar are addressed through stakeholder and public engagement, while the elements of the information pillar are addressed through institutional data and information management requirements and scientific advisory processes.
Parts of the ecosystem-based management system managerial and information pillar can be recognized in the basic elements used to manage Canadian waters. Guidelines are used by authorities to ensure consistency in the implementation of policies and advisory processes (Table 1) . Canadian scientific advisory processes involve stakeholders; and the documents, published publicly, are the formal for scientific policy inputs for program policies and directives. A repository for all these documents is kept at the Canadian Science Advisory Secretariat. The advisory processes formulate policy advice through data analysis, literature reviews, and expert knowledge. They provide the policy and technical basis for the planning processes, thus ensuring due process and due diligence within a legislative decision-making framework. Further details of the elements in the Canadian process are as follows.
Ecosystem overview and socioeconomic overview reports:
These are comprehensive descriptions of the current knowledge of ecological, cultural, social, and economic considerations for the planning area.
Significant ecological areas, species, and community properties:
These represent ecosystem components and services of high ecological or biological significance for which a greater-thanusual degree of risk aversion in management of activities is required. Based on vulnerabilities to specific pressures, the guidelines identify the pressures and drivers that will be included in the planning initiative.
Conservation objectives: These are established to provide a tiered priority level for the ecological and biological components and services established earlier. The conservation objectives use language that directly corresponds to the language of policies, regulations, and legislation, to guide management in the decision-making processes.
Ecosystem priorities and vulnerabilities: Risk-management frameworks are used to set ecosystem priorities and vulnerabilities (Treasury Board of Canada Secretariat 2004).
Although several risk-assessment and management frameworks may be used, the rating of the risks in terms of likelihood and severity are based on standardized risk criteria. Risk criteria are used to define and classify the severity of the consequences or impacts during the risk-analysis and risk-evaluation steps of the planning processes. Risk criteria introduce the references used in making a judgement in order to determine what risks are tolerable for all parties involved in the planning process.
Regional oceans committees:
In collaboration with other jurisdictions and stakeholders, the vision and objectives of the integrated oceans management plan is developed in relation to the sustainable development needs of the area. The entire process is overseen by a regional oceans committee, and it includes stakeholder-related issues to specific management issues.
Objectives and environmental quality measures:
The development of the integrated management plan results in spatial and temporal management measures that take into account the regulatory requirements of the various sectors of operations. They include ecological and socioeconomic objectives or environmental quality measures.
Plan and management measures:
The plan is then endorsed by the governance structures and implemented by the decisionmaking authorities. Documentation is provided by the published plans and management measures.
Monitoring and measuring: Ongoing environmental monitoring activities are then used to provide insight into the status and trends of ecological indicators. Although it may be difficult to tie the status and trends of the ecological indicators to specific management measures, the resulting report sets the ecological basis for all future revisions. Recently, the Global Ocean Commission provided an overview of the trends and status of the oceans (Global Ocean Commission 2014).
Auditing standards and guidelines:
Based on the legislative authorities of the management measures, each competent authority conducts compliance-verification activities that are in line with the enforcement requirements of their respective acts and regulations (Canadian Environmental Assessment Act, 2012). Program and performance audits are undertaken to ascertain if the plan is being implemented adequately or if the management measures are effective in achieving the goals and objectives. An audit provides verifiable evidence and reproducible results by following a systematic process to gather information that is analyzed against pre-established conformity criteria. In cases where nonconformities are found, corrective actions are implemented. Nonconformities are deviations from a management measure specification or standard that may result in the plan not achieving the established goals or objectives. It can also be a deviation from a procedural perspective stipulated by the planning process.
The scope of auditing activities may also include mandate or program implementation to review the performance of the institutions and processes in the administration of the plan. As with environmental monitoring, compliance verifications and audits are key pieces of information for the review. From the governance perspective, compliance verifications and audits are used to provide evidence as to the performance of the management plan in meeting legislative requirements and ecosystem objectives. From the stakeholder's perspective, these also provide the basis for determining the feasibility of the implemented management measures.
Revision: Depending of the legislative requirements, plans may be implemented for fixed time frames. Prior to reaching the plan's review date the planning process restarts, thus bringing new knowledge and monitoring information into the review. The review is also conducted under the same governance and public engagement structure as the initial planning initiative. It should be noted that the information provided by environmental monitoring activities, compliance verifications, and auditing activities are key elements to be considered in the review.
Information management:
The Canadian Scientific Advisory Secretariat manages peer-review processes that are conducted to address scientific questions that may emerge during the planning process. The intent of these processes is to ensure quality, objectivity and inclusiveness of the policy advice. In addition to the advisory documents, research documents documenting the data, methods, and results are produced for every aspect that was included in the formulation of the advice. They are also available to the public via the Internet. Where preliminary analysis is needed, workshop proceedings are also prepared as part of a multi-iterative process that will lead to the advice.
The Canadian experience in the application of the ecosystem approach to the management of its marine waters yielded a series of widely used tools, procedures, and guidance documents. Using http://www.ecologyandsociety.org/vol19/iss4/art51/ these elements, bottom-up (action-based) approaches and topdown (ecosystem-property-based) approaches were developed and tested. As Jessen (2011) suggested, the Canadian example of ocean management is widely held to be a successful example of the ecosystem approach. This system has developed within the unique jurisdictional context of the country itself. As illustrated above, the structure of the ecosystem-based management system incorporates the essential elements of the Canadian process. Including all these elements into a standard system could reinforce all these procedures and could stimulate the revision of the entire process through a continuous improvement vision, thereby facilitating a wider dissemination and serving as example for the entire world in practicing the ecosystem approach.
Europe
The marine policy agenda in Europe is the result of the European Integrated Maritime Strategy (Juda 2007 ). The strategy is moving forward as a result of both the European Marine Strategy Framework Directive (European Commission 2008) for preserving the integrity of the seas, and the use of maritime spatial planning for planning and maritime development, as well as because of the reform of the Common Fisheries Policy (European Commission 2009). These strategic twin pillars of sustainability and growth have resulted in a mandate for management platforms to guarantee policy implementation.
In the European Union there have been major efforts to encourage the practice of an ecosystem approach; a large number of projects across different programs have tried to bring the ecosystem approach principles into practice using a myriad of tools for their application. For example, elements of the information pillar in the ecosystem-based management system are already in place; spatial data are increasingly available through initiatives such the European Marine Observation and Data Network (EMODNET), and, stimulated by the Commission's green paper on spatial data infrastructure (European Commission 2012) . are beginning to provide the information that would be required for the riskassessment and planning phase of the ecosystem-based management system. The participatory pillar is also reasonably well developed. Networks of stakeholders and interest groups are beginning to develop (e.g., Roxburgh 2012) and participate in the Marine Strategy Framework Directive process, and the structures of the existing regional seas agreements (OSPAR in the North Sea and HELCOM for the Baltic) are also being harnessed. However, the degree of public understanding of the marine environment and the problems facing it (Rose et al. 2008 ) suggest that there is still a great need for capacity building and education. In this case, a common system of management would facilitate communication across Europe.
However, while the Canadian situation imposed a federal mandate under its Oceans Act, within Europe the implementation of the Marine Strategy Framework Directive and the marine spatial planning, and the practice of the ecosystem approach, require transcription into national legislation. Comprised of 28 different countries, each with their own unique institutional histories and cultures, policy fragmentation represents a major challenge to coherent implementation of the policy at regional scales. By the adoption of an inclusive management structure such as the ecosystem-based management system, current management systems could benefit from a common language and a common methodology for implementing solutions to this challenge.
The adoption of a standard such as the ecosystem-based management system could provide a benchmark of the formal structures and the iterative systems required to achieve an ecosystem approach. It also could provide a coherent set of instructions for managers to follow while incorporating the differences in institutional culture and national practices that are inherent in the European Union. The ecosystem-based management system also could allow individual nations the flexibility to use existing tools, i.e., those already developed or in use but under the same general management framework as other member states. For Europe the potential strength of the ecosystem-based management system lies in the provision of an effective structure for managing marine systems but leaving member states (with their own unique ways of functioning) free to decide specific details of how each step should be carried out.
The ecosystem-based management system could also serve to facilitate communication, dissemination, and practicing of the ecosystem approach.
DISCUSSION
The need for reconciliation of maritime economic activities with the preservation of marine ecosystems under the ecosystem approach is clearly mandated in many international policies (e.g., Canada's Oceans Act, Marine Strategy Framework Directive). Regulatory tools for ecosystem stewardship, maritime spatial planning, or integrated coastal zone management are developing around the world (Katsanevakis et al. 2011) . Nevertheless, translating these high-level goals into operational objectives requires clearly defined processes and quality-management schemes.
The ecosystem approach has emerged as the dominant paradigm for managing marine ecosystems. However, the vast array of methodologies and tools formulated to assist with application of the ecosystem approach have had limited impacts on practical implementation (Curtin and Prellezo 2010) . In order to bridge the gulf between theory and practice, while maintaining the principles of the ecosystem approach, we have described a standard system, the ecosystem-based management system, to manage marine ecosystems. The ecosystem-based management system is based on international standards and written in a language understandable to managers; it is adapted from the welltested and widely used environmental management system but incorporates the unique aspects of the ecosystem approach. The ecosystem-based management system introduces a common language and a common set of procedures, and it identifies essential tools that can be useful for facilitating implementation and capacity building. The ecosystem-based management system is a crucial step forward for the practical implementation of the ecosystem approach because it integrates the assessment piece into a managerial cycle where the information and participative pillars are focused on the management decisions instead of the management risks described by the assessment.
Programs designed to deliver the ecosystem approach should operate at appropriate scales dictated by the ecological and social boundaries of particular systems (Atkins et al. 2011 , Elliott 2011 . However the social structures and jurisdictions of particular competent authorities are often not aligned with ecological Ecology and Society 19(4): 51 http://www.ecologyandsociety.org/vol19/iss4/art51/ boundaries. The ecosystem-based management system is scalable and its structures can be adopted for any program of measures, from initiatives on the regional sea scale envisaged by the Marine Strategy Framework Directive and supported by international cooperative agreements (OSPAR, HELCOM, UNEP-MAP, and Black Sea Commission) to the federal and provincial programs underway in Canada. The clear definition of structures, roles. and responsibilities, combined with the emphasis on participation, provide a coherent and practical framework for application at any relevant scale. In Europe the ecosystem-based management system could be used to integrate the Marine Strategy Framework Directive and the marine spatial planning-ICM proposal under a single, comprehensive management framework that could be standardized in the region and serve as a template worldwide.
While the managerial pillar of the ecosystem-based management system provides a structure and quality-control process for the implementation of the ecosystem approach, the plans and measures implemented as part of the ecosystem-based management system need to be informed by data. In the ecosystem-based management system this requirement is met by the information pillar. For Europe's seas at least, data on driver, pressure, and state are relatively well developed and readily available at the international level (i.e., through the International Council for the Exploration of the Sea (ICES)) and at the centralized European level (i.e., through the European Commission) and to some extent on a regional sea level (e.g., through Baltic Marine Environment Protection CommissionHelsinki Commission (HELCOM)). Critically for the ecosystem approach, reliable spatial information linking environmental state changes to changes in human welfare (ecosystem services data) are in short supply (O'Higgins and Gilbert 2013), a factor recognized internationally as an impediment to ecosystem approach implementation (O'Higgins et al. 2010 , Jordan et al. 2012 , Raheem et al. 2012 ).
One of the main characteristics of the ecosystem approach is its multisectorial approach (Tallis 2010) ; the participatory pillar of the ecosystem-based management system is designed to incorporate multistakeholder perspectives into the development of goals or visions. Structures to facilitate multisectorial inputs are developing (e.g., the Regional Advisory Councils of ICES) but there are many different marine sectors and interest groups, each with competing objectives for the use of marine resources and ecosystem services. Public ignorance of the marine environment (Rose et al. 2008 as well as scientific uncertainty about ecosystem function combined with the compromises inherent in setting targets through consensus, have the potential to dilute any vision for environmental quality. To this end, public education and outreach, as well as further research into ecosystem functioning, are required.
The participatory mapping initiatives which are beginning to emerge (Scholz et al. 2004 , St. Martin and Hall-Arber 2008 , Alexander et al. 2012 have the potential to address some of the information needs regarding ecosystem state and they have the potential to enhance the levels of participation around the ecosystem services concept. Approaches such as the use of MultiCriteria Analysis can also be used to resolve spatial conflicts and build consensus toward a vision for the marine environment (Alexander et al. 2012 ) thereby providing inputs to both the participatory and information pillars of the ecosystem-based management system.
CONCLUDING REMARKS
Our central argument is that despite academic attention, the practical uptake of the ecosystem approach has been slow. In order for the ecosystem approach to be widely adopted in management, a standardized stepwise process is needed so that environmental managers can ensure consistency in the development of management measures that address the aspirations of the stakeholders and meet legislative and regulatory requirements. The ecosystem-based management system is a stepwise process that combines environmental quality-and riskmanagement system theory with the ecosystem approach principles. Based on existing management practices and standards, it presents a viable, systematic means of implementing the ecosystem approach. The tools contained within the ecosystem-based management system are, to a certain extent, already available or rapidly developing. Regardless of the specific legislative obligations under any particular jurisdiction, the ecosystem-based management system can provide a practical basis for ecosystem approach implementation.
The ecosystem-based management system is designed to be a standard methodology to assist in the management of coastal and marine environments by introducing a common set of tools and procedures and a common language that can be useful for facilitating knowledge transfer and capacity building. The main advantages of the ecosystem-based management system are: (a) scalability: the ecosystem-based management system can be hierarchically introduced at different spatial scales, thus facilitating nested approaches; (b) quality assurance: the ecosystem-based management system is a quality-assurance tool by itself-the process verifies and determines whether the goals for the system meet expectations and time frames, and (c) visiondriven process: GEnS (or other type of desired vision) drives the tool, making it necessary to reach a societal consensus for desired future conditions. The ecosystem-based management system has a three-pillar structure comprised of managerial, information, and participatory pillars which can facilitate adaptive management and continuous improvement for meeting targets under the ecosystem approach. The managerial pillar follows wellestablished and successful techniques for management and quality assurance and adapts them to the more recent concepts of the ecosystem approach. As noted in the cases of Canada and Europe, the tools and techniques that contribute to the information and participatory pillars are already emerging, but a formalized structure such as that of the ecosystem-based management system can assure their effective uptake and utilization on a practical basis.
The standard operating practices proposed here have the potential to facilitate the implementation of the Marine Strategy Framework Directive and other ecosystem approach policies. They provide a structured and intercomparable process that bridges the theory and concepts of the ecosystem approach to management practices. The ecosystem-based management system uses terminology that is closer to policy and management disciplines, compared to the terminology used in the natural sciences in general, to alleviate the problems of jargon and narrow Ecology and Society 19(4): 51 http://www.ecologyandsociety.org/vol19/iss4/art51/ the gulf between the theory and practice of the ecosystem approach. One of the things that has to be understood by academia is that any management plan will always have to be implementable by existing legislative and regulatory frameworks. Within a national or an international context, agreements can identify common or complementary ecosystem objectives for planning in order to address broader scale issues within the ecosystem boundaries. Ecosystem science or stakeholder engagement contributes valuable knowledge and considerations to the planning process. The implementation, however, will depend on the legislative and regulatory frameworks of the management area. Other regulatory mandate management programs in the fields of health and engineering have operated under such standards and guidelines for some time.
Modern marine management needs to be carried out in an integrated way that considers the entire ecosystem, including humans. The ecosystem-based management system proposes a standardized system for facilitating the practice of marine management as well as facilitating capacity building. 
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